and counties were stratified on the basis of total cancer mortality rates from the first survey into high-, middle-, and low-areas, and 10% of the total population of all cities and counties were randomly selected from each of those strata. The counties and cities shown in Table 1 as not surveyed were not included due to lack of local resources. The study design of the three surveys was the same. A handbook was written by four epidemiologists, including one of the authors (Hai-xiu Xu), and published by the Office of China Tumor Prevention and Treatment in Beijing for use by the local government officers who organized and conducted training classes for all study workers to ensure consistency in data collection. A current census of all sampled areas was taken by census workers. Then local medical practitioners in rural areas and in regional hospitals collected information from heads of households and medical records retained by the family on all those who died during the period covered by the survey. Information was collected on place of residence, age, sex, date of birth, date of diagnosis, date of death, and primary site if the death was due to cancer. A 5% sample of all deaths was validated from hospital records. Causes of death were classified according to the Ninth Revision of the International Classification of Diseases. 3 Census information was provided by the public safety bureau in each area. The data available included the total numbers of individuals in the population in each 5-year age group and for each sex during each year. Age-adjusted mortality rates were calculated using the world population of 1966 as a standard.
In addition, data on cervical cancer deaths 1970-1994 were available for Qixia, which is a rural county located in the eastern part of Shandong with a total population of 650 000 in 1994. After an initial death survey of the whole province during 1970-1974, a registry of all deaths in this county was established in 1975, with the support of the Shandong Academy of Medical Sciences. In the first death survey, stomach cancer mortality was found to be very high in Qixia County, and a tumour research station was set up by the county health bureau. When a person dies a death card is filled out by a doctor and sent to the tumour research station. Based on data from these cards, age-specific death rates of cervical cancer were calculated for five time periods, 1970-1974, 1975-1979, 1980-1984, 1985-1989 and 1990-1994 . Calculations of death rates by birth cohort were based on these age-and time-specific mortality rates. The effects of age-, time-and cohort-related factors on the trend of mortality of cervical cancer was analysed using a descriptive age-period-cohort model developed by Frost, 4 and Kupper's 5 quantitative method of age-period-cohort analysis.
Serologically detected cases of syphilis in women between 1954 and 1960 were obtained from the Shandong Dermatological Diseases Institute. 6 A correlation analysis between mortality from cervical cancer 1986-1992 and rates of syphilis 1954-1960 was performed (assuming a latent period of about three decades from exposure to risk factor to diagnosis of cervical cancer).
In order to investigate temporal changes in the prevalence of risk factors, a cross-sectional study conducted in conjunction with a Pap smear screening programme was carried out in one city, Jinan, and in 12 villages located in three other counties of the province from 1 January 1989 to 30 May 1991. A team of gynaecology and health workers was instructed to screen all women and administer a questionnaire. All eligible women were invited to participate, and 61% and 70% agreed in the city and rural areas, respectively. Each subject was interviewed using a standard questionnaire which took approximately 25 minutes to administer. Information was sought regarding sociodemographic characteristics, marital and reproductive history, cigarette smoking, and personal and genital hygiene. To assess the changes in some risk factors with time, the data for women in the two age groups 30-54 and 55-69 were compared. These two age groups roughly correspond to women who reached sexual maturity before and after major social policies were instituted by the Chinese government in the 1950s.
Results
The diagnoses of cervical cancer during the three time periods shown in Table 1 4 .00 and 4.65 per 100 000 women adjusted to the world population, respectively. The decline in cervical cancer mortality was observed in each surveyed area of the province, except Xuecheng County, which had a low incidence rate in 1970-1974.
The age-specific mortality rates of cervical cancer in Shandong Province during the three time periods are shown in Table 2 . The age-specific rates for women over 35 decreased over time. The rates for younger women tended not to decline from 1985-1989 to 1990-1992 .
Based on the data for Qixia County shown in Table 3 , the results of a descriptive age-period-cohort analysis are shown in Table 3 are based on small numbers of observations, and the corresponding rates are unstable. None the less it can be seen in Figure 1 that mortality rates tended to decline in succeeding birth cohorts, with considerably higher mortality rates from the disease for birth cohorts born before 1925 than for birth cohorts after 1930, and the decline in rates over time was primarily in the former cohorts.
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As shown in Table 4 the odds ratio for succeeding birth cohorts declined from 1892 to 1922 and then changed little in the birth cohorts from 1927 to 1957. As expected, risk increased markedly with age, regardless of birth cohort. After taking into account birth cohort there was little period effect.
The prevalence of positive serological tests for syphilis 6 are shown in Table 5 . The data for 1954 to 1957 are for tested highrisk people and the data for the latter 3 years are from screening surveys in the general population. Although data from these two sources are not strictly comparable, both show a marked decline in syphilis rates over time. The correlation coefficient between cervical mortality from 1986 to 1992 in Shandong Province and rates of positive tests for syphilis was significant (r = 0.833, P Ͻ 0.05, two-tailed).
Data in the cross-sectional study were collected on 768 women who lived in Jinan and 2121 women who lived in 12 villages. The city group consisted of 643 women aged 30-54 years and 125 women aged 55-69 years; and 1736 and 385 women from the rural areas were also in these two age groups. The percentages of women with selected risk factors in the two age groups in the city and rural areas are shown Table 6 . Compared with older women, those in the younger age group in both the city and rural areas had a higher level of education, were married at a later age, and had fewer children. More of younger women also had used a intrauterine device (IUD), oral contraceptives and condoms for contraceptives, and fewer of them had smoked cigarettes.
From a vital registry system for each family, we randomly sampled 20% of the women who were not screened to determine whether there was a difference in the number of births between the screened and unscreened women. No significant difference was found, suggesting that the screened women were representative of all women in the population.
Discussion
There has been a sharp decline in cervical cancer rates in the past 30 years in many developed countries where rates as low as 5 per 100 000 females have been reported. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In contrast, the disease remains widespread in many developing countries, such as in rural areas of Panama and Brazil. 19, 20 Our data show a decrease in cervical cancer mortality in the past 25 years. This phenomenon has also been reported for other provinces of here, m ij represents the mortality rates of ith age group and jth time period, a i is the fixed effect of the ith age category, b j is the fixed effect of the jth period category, c k is the fixed cohort effect associated with the ith age category and the kth period category. 5 China. 1,2 A declining trend in cervical cancer incidence in the past 25 years has also been seen in some other Asian countries. However, the decline was most rapid in China, resulting in one of the lowest incidence rates of cervical cancer among Asian countries. [7] [8] [9] [10] [11] For example, Coleman calculated a recent trend of decline in cervical cancer incidence in Asia, of -58.5% for Shanghai, -20.7% for Hong Kong, and -31.9 for Nagasaki, Japan. 21 The results of age-period-cohort analysis indicated that the decreasing mortality is largely a cohort phenomenon. Pap smear screening is an effective method for early detection of cervical cancer. In Shandong Province a Pap smear screening programme started during 1970-1972. 6 In all, 343 858 women were screened in the early 1970s, which accounted for only 1.5% of the female population. After that, there was no financial support for screening by the government, so screening was conducted in only in a few areas by some individual hospital doctors.
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We analysed 259 newly diagnosed cases treated in Shandong Tumour Hospital from January 1990 to June 1991. The percentages of cases clinically classified with early local, locally invasive, and metastatic disease were 0.8%, 29.3% and 69.6%, respectively. We also analysed the survival time for the patients who suffered from cervical cancer in Cangshan County from 1975 to 1985. The number of patients each year were 44, 45, 43, 57, 35, 34, 25, 23, 24, 19 and 19 , respectively. Two-year survival probabilities were 0.22 and 0. 30 for 1975-1979 and 1980-1985, 22 respectively. (Because of economic problems the majority of patients could not get radiotherapy.) This small improvement in survival cannot explain the decline in mortality from cervical cancer in Shandong. The decline in mortality mainly represents a decrease in incidence of the disease, and is not a result of early detection followed by treatment.
The decline in incidence is most likely a result of the marked social changes and health programmes initiated by the Chinese government after the founding of the People's Republic of China in 1949. Soon after the new government was established, prostitution was outlawed and brothels were closed. Health facilities were soon established in factories and other work units, and specific public health programmes were initiated to screen for syphilis and treat this and other venereal diseases. In the mid-1960s, contraception became widely available, and in 1975 a law was passed restricting the number of children to one per family in cities, and to less than two for rural areas. Consistent with these measures, the cross-sectional survey showed that, compared to older women, those 30-54 years of age in 1991 were better educated, had fewer children, and older at marriage. They also had greater use of IUD and hormonal contraceptives, and they smoked less.
Detailed epidemiological studies have shown that sexual activity is a major factor in the genesis of cervical cancer. Increased risk has been associated with age at first coitus, 23, 27, 28, 30 extramarital sexual relationships, 23, 25, 26, 30 history of husband having visited prostitutes, 29, 38 low educational level, 23, 26, 29 multiple full-term pregnancies, 23, 24, 25, 30 and infection with such sexually transmitted agents as herpes simplex virus type 2 (HSV-2), 24, 32, 34 chlamydia, 29 and trachoma. 29 The evidence associating certain types of human papillomaviruses (HPV) with cervical cancer is particularly strong, 25, 33, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] and these viruses are generally accepted as important and probably necessary causal agents for cervical carcinoma. [42] [43] [44] [45] [46] The other sexual variables likely reflect the sexual mode of transmission of these viruses. However, few women who are infected with these viruses actually develop invasive disease, clearly indicating that co-factors are involved in either enhancing or reducing the carcinogenic effect of HPV. 47 The observation in this study of a decline in mortality rates from cervical cancer has implications for our understanding of the multifactorial aetiology of cervical cancer. The decline occurred in birth cohorts that reached sexual maturity prior to 1949. It is unlikely that social changes before 1949 influenced exposures to risk factors for cervical cancer in a favourable way, and to a greater extent in successive birth cohorts. A more likely explanation is that the older a woman was in 1949, the longer she had been at risk of exposure to unfavourable risk factors. Conversely, the women in more recent cohorts would have spent a longer period after puberty in a more favourable environment. Exposure to oncogenic types of HPV occur after initiation of sexual activity. Women in successively earlier cohorts would thus have spent successively longer periods of time at risk of infection. However, there is some evidence that early infection is important and that invasive cervical cancer usually arises decades after initial infection, 23 and repeated re-infection therefore may not be as important as co-factors that encourage persistence of infection. These co-factors may include high parity and poor nutritional status, both of which were altered in and after 1949 in a way compatible with the observed decline in cervical cancer mortality; i.e. shorter exposure to these co-factors in succeeding birth cohorts would explain the decline in rates in these same cohorts. This implies that the co-factors act not to increase susceptibility to an initial (early) HPV infection, but to enhance persistence of HPV infection for a prolonged period of time.
The low rates of cervical cancer in women born in 1927 and after, who would have been 22 or younger in 1949, were just entering their sexually active years, and were subjected to the enforcement of laws against prostitution and extramarital sexual relationships, which would have greatly reduced transmission of HPV. Possibly unfavourable co-factors, such as use of steroid contraceptives and induced abortion, which became widely available after 1949, and cigarette smoking, which declined with age in Shandong Province, would not be expected to alter risk in the absence of HPV. Their influence on rates would be expected to be minimal even if shown to be associated with cervical cancer in other countries where HPV rates are higher than they presumably were in China.
In recent years, rates of sexually transmitted disease have increased in China. 48, 49 If this trend continues, an increase in cervical cancer rates will likely follow.
